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[57] ABSTRACT 

A method is provided for applying chemical vapor deposi 
tion (CVD) copper (Cu) to integrated circuit substrates using 
a Cu(hfac)(ligand) precursor with a silylole?n ligand includ 
ing combinations of C1-C8 alkyl groups with at least one 
C2-C8 alkyloxy group. The alkyloxy groups include. 
ethoxy. propoxy. butoxy. pentyloxy. hexyloxy. heptyloxy. 
octyloxy. and aryloxy. While the alkyl groups include 
methyl. ethyl. propyl. butyl. pentyl. hexyl. heptyl. octyl. and 
aryl. The oxygen atoms of the alkyloxy groups. and the long 
carbon chains of both the alkyl and alkyloxy groups. 
increase the stability of the precursor by contributing elec 
trons to the Cu(hfac) complex. The improved bond helps 
insure that the ligand separates from the (hfac)Cu complex 
at consistent temperatures when Cu is to be deposited. 
Combinations of alkyloxy and alkyl groups allow the 
molecular weight of the precursor to be manipulated so that 
the volatility of the precursor is adjustable for speci?c 
process scenarios. Other embodiments provide a precursor 
blend made from additional silylole?ns. hexa?uoroacety 
lacetone (H-hfac). H-hfac dihydrate. and water. either 
separately. or in combinations. to enhance deposition rate. 
conductivity. and precursor stability. A Cu precursor com 
pound including silylole?n ligands having at least one 
alkyloxy group is also provided. Combinations of ethyl 
groups with ethoxy groups are speci?cally disclosed. 

29 Claims, 4 Drawing Sheets 
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PROVIDING A SELECTED SURFACE FOR THE APPLICAON OF CVD Cu 

I 132 / 

EXPOSING EACH SELECTED CLI-RECEIVING SURFACE TO A 
VOLATILE Cu PRECURSOR INCLUDING Cu(hfac) AND A SILYLOLEFIN 

LIGAND INCLUDING AT LEAST ONE ETHOXY GROUP, WITH THE 
REMAINING GROUPS BEING ETHYL, AT A PREDETERMINED PRESSURE 

I, K134 
WHILE CONTINUING TO CARRY OUT STEP 132, 

DEPOSITING Cu ON EACH Cu-RECEIVING SURFACE 

I 136 f 

PRODUCT: Cu DEPOSITED ON A SELECTED SURFACE WITH A 
PRECURSOR HAVING A BOND BETWEEN THE ETHOXYSILYLOLEFIN 

LIGAND AND CU WHICH PREVENTS THE DECOMPOSITION 
OF THE PRECURSOR AT LOW TEMPERATURES 

Flg. 8 K140 
PROvIDING A SELECTED SURFACE FOR THE APPLICATION OF CVD Cu 

I, /142 
EXPOSING EACH SELECTED CU-RECEIVING SURFACE TO A 

vOLATILE Cu PRECURSOR INCLUDING Cu(hfac),AND A SILYLOLEFIN 
LIGAND INCLUDING AT LEAST ONE ALKYLOXY GROUP, HAvING AT 
LEAST TWO CARBON ATOMS, AT A PREDETERNIINED PRESSURE 

I [144 
WHILE CONTINUING TO CARRY OUT STEP 142, 

DEPOSITING Cu ON EACH Cu-RECEIvING SURFACE 

I, 7146 
PRODUCT: CU DEPOSITED ON A SELECTED SURFACE WITH A 

PRECURSOR HAVING A BOND BETWEEN THE ALKYLOXYSILYLOLEFIN 
LIGAND AND CU WHICH PREVENTS THE DECOMPOSITION 

OF THE PRECURSOR AT LOW TEMPERATURES 
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PRECURSOR WITH (ALKYLOXY)(ALKYL) 
SILYLOLEF IN LIGAND TO DEPOSIT 

COPPER 

BACKGROUND AND SUMNIARY OF THE 
INVENTION 

This invention relates generally to integrated circuit pro 
cesses and fabrication. and more particularly. to a precursor 
and method. having enhanced temperature stability. used to 
deposited copper on selected integrated circuit surfaces. 
The demand for progressively smaller. less expensive. 

and more powerful electronic products. in turn. fuels the 
need for smaller geometry integrated circuits (ICs) on larger 
substrates. It also creates a demand for a denser packaging 
of circuits onto IC substrates. The desire for smaller geom 
etry IC circuits requires that the interconnections between 
components and dielectric layers be as small as possible. 
Therefore. research continues into reducing the width of via 
interconnects and connecting lines. The conductivity of the 
interconnects is reduced as the area of the interconnecting 
surfaces is reduced. and the resulting increase in intercon 
nect resistivity has become an obstacle in IC design. Con 
ductors having high resistivity create conduction paths with 
high impedance and large propagation delays. These prob 
lems result in unreliable signal timing. unreliable voltage 
levels. and lengthy signal delays between components in the 
IC. Propagation discontinuities also result from intersecting 
conduction surfaces that are poorly connected. or from the 
joining of conductors having highly different impedance 
characteristics. 
There is a need for interconnects and vias to have both 

low resistivity. and the ability to withstand process environ 
ments of volatile ingredients. Aluminum and tungsten met 
als are often used in the production of integrated circuits for 
making interconnections or vias between electrically active 
areas. These metals are popular because they are easy to use 
in a production environment. unlike copper which requires 
special handling. 

Copper (Cu) would appear to be a natural choice to 
replace aluminum in the effort to reduce the size of lines and 
vias in an electrical circuit. The conductivity of copper is 
approximately twice that of aluminum and over three times 
that of tungsten. As a result. the same current can be carried 
through a copper line having nearly half the width of an 
aluminum line. 

The electromigration characteristics of copper are also 
much superior to those of aluminum. Aluminum is approxi 
mately ten times more susceptible than copper to degrada 
tion and breakage due to electrornigration. As a result. a 
copper line. even one having a much smaller cross-section 
than an aluminum line. is better able to maintain electrical 
integrity. 

There have been problems associated with the use of 
copper. however. in IC processing. Copper pollutes many of 
the materials used in IC processes and. therefore barriers are 
typically erected to prevent copper from migrating. Ele 
ments of copper migrating into these semiconductor regions 
can dramatically alter the conduction characteristics of asso 
ciated transistors. Another problem with the use of copper is 
the relatively high temperature needed to deposit it on. or 
removing it from. an IC surface. These high temperatures 
can damage associated IC structures and photoresist masks. 

It is also a problem to deposit copper onto a substrate. or 
in a via hole. using the conventional processes for the 
deposition of aluminum when the geometries of the selected 
IC features are small. That is. new deposition processes have 
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2 
been developed for use with copper. instead of aluminum. in 
the lines and interconnects of an IC interlevel dielectric. It 
is impractical to sputter metal. either aluminum or copper. to 
?ll small diameter vias. since the gap ?lling capability is 
poor. To deposit copper. ?rst. a physical vapor deposition 
(PVD). and then. a chemical vapor deposition (CVD) 
technique. have been developed by the industry. 

With the PVD technique. an IC surface is exposed to a 
copper vapor. and copper is caused to condense on the 
surfaces. The technique is not selective with regard to 
surfaces. When copper is to be deposited on a metallic 
surface. adjoining non-conductive surfaces must either be 
masked or etched clean in a subsequent process step. As 
mentioned earlier. photoresist masks and some other adjoin 
ing IC structures are potentially damaged at the high tem 
peratures at which copper is processed. The CVD technique 
is an improvement over PVD because it is more selective as 
to which surfaces copper is deposited on. The CVD tech 
nique is selective because it is designed to rely on a chemical 
reaction between the metallic surface and the copper vapor 
to cause the deposition of copper on the metallic surface. 

In a typical CVD process. copper is combined with a 
ligand. or organic compound. to help insure that the copper 
compound becomes volatile. and eventually decomposes. at 
consistent temperatures. That is. copper becomes an element 
in a compound that is vaporized into a gas. and later 
deposited as a solid when the gas decomposes. Selected 
surfaces of an integrated circuit. such as diffusion barrier 
material. are exposed to the copper gas. or precursor. in an 
elevated temperature environment. When the copper gas 
compound decomposes. copper is left behind on the selected 
surface. Several copper gas compounds are available for use 
with the CVD process. It is generally accepted that the 
con?guration of the copper gas compound. at least partially. 
a?ects the ability of the copper to be deposited on to the 
selected surface. 

Cu+2(hfac)2. or copper (H) hexa?uoroaoetylacetonate. 
precursors have previously been used to apply CVD copper 
to IC substrates and surfaces. However. these Cu+2 precur 
sors are notable for leaving contaminates in the deposited 
copper. and for the relatively high temperatures that must be 
used to decompose the precursor into copper. Currently. 
more success has been found with the use of Cu+‘(hfac) 
compounds to apply copper. Norman. et al.. U.S. Pat. No. 
5.322.712. discloses a (hfac)Cu(tmvs). or copper hexa?uo 
roacetylacetonate trimethylvinylsilane. precursor that is the 
industry standard at the time of this Writing. Altemately. 
tmvs is known as vtms. or vinyltrimethylsilane. This pre 
cursor is useful because it can be used at relatively low 
temperatures. approximately 200° C. In addition. the ?lm 
resisitivity of copper applied with this method is very good. 
approaching the physical limit of 1.7 uQ-cm. However. the 
adhesiveness between copper deposited with this precursor 
and the surface to which it is deposited is not always good. 
Also. the precursor is not especially stable. and can have a 
relatively short shelf life if not refrigerated. Various ingre 
dients have been added to (hfac)Cu(tmvs) to improve its 
adhesiveness. temperature stability. and the rate at which it 
can be deposited on an IC surface. A co-pending application 
Serial No. 08/745562 ?led Nov. 8. 1996. entitled “Cu(hfac) 
TMVS Precursor With Water Additive To Increase The 
Conductivity Of Cu And Method For Same". invented by 
Ngryen et al.. Attorney Docket No. SMT 244. and assigned 
to the same assignee as the instant patent. discloses a 
precursor and method of improving the electrical conduc 
tivity of Cu deposited with (hfac)Cu(t:mvs). 

It is generally acknowledged in the industry that (hfac) 
Cu(tmvs) becomes unstable. and begins to decompose. 
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above 35° C. Use of a (hfac)Cu(tmvs) precursor stored at 
this temperature leads to undesirable process results. 
Typically. the precursor is a liquid at room temperature. and 
must be converted to a vapor form. In interacting with a 
heated target surface. the vaporized precursor ?rst cleaves 
the trnvs ligand. and then the hfac. leaving Cu on the target 
surface. During this process a disproportionation reaction 
occurs in which uncharged atoms of Cu are left on the 
surface. while volatile forms of Cu+2(hfac)2 and the tmvs 
ligand are exhausted through the system. 
As an unstable precursor is heated to a vapor. the tmvs 

ligand cleaves unevenly from the precursor. some cleavage. 
or decomposition. occurs at low temperature. and some at 
higher temperatures. Because the precursor decomposes at 
low temperatures. the precursor vacuum pressure. or partial 
pressure. remains undesirably low. resulting in low Cu 
deposition rates. uneven surfaces. and variances in surface 
conductances. The elfectivity of (hfac)Cu(tmvs) stored at 
temperatures lower than 35° C. is also unpredictable. A 
"fresh" batch of precursor. or precursor stored at tempera 
tures well below room temperature. is used to guarantee 
predictable processes. 

Various additives have been mixed with the (hfac)Cu 
(trnvs) precursor to improve its temperature stability. It is 
well known to blend hexa?uoroacetylacetone (H-hfac). 
tmvs. and other chemical agents to improve temperature 
stability. Baum et al.. in “Ligand-stabilized copper(I) 
hexa?uoroacetylacetonate complexes: NMR spectroscope 
and the nature of the copper-alkene bond”. J. Organomet. 
Chem. 425. 1992. pp. 189-200. disclose alkene groups 
affecting improvement in the stability of Cu precursors. 
They also qualitatively analyze the nature of sigma and pi 
bonds in the Cu-alkene bond of a (hfac)Cu(allrene) complex. 

Choi et al.. in “Chemical vapor deposition of copper with 
a new metalorganic source”. Appl. Phys. Lett. 68 (7). 12 
Feb. 1996. pp. 1017-1019. disclose trirnethoxyvinylsilane 
(tmovs) as a ligand to improve the temperature stability of 
Cu+1 complexes. Using the tmovs ligand. precursor stability 
up to the temperature of 70° C. is reported. However. the 
addition of oxygen atoms between the methyl groups and the 
silicon atom of the ligand is still experimental. That is. the 
method has not been refined for production environments. 
There is concern that a precursor having a heavier molecular 
weight. due to the addition of three oxygen atoms to the 
methyl groups. may require high bubbler temperatures to 
vaporize. Unexpected premature decomposition problems 
may result as higher vaporization temperatures and lower 
system pressures are required. It is also possible that the 
symmetry of the ligand molecules may tend to cause the 
precursor to solidify at room temperature. Further enhance 
ment in the temperature stability of Cu"1 precursors is 
desirable. and the use of other ligands to improve stability 
remains an area of ongoing research. 
A Cu precursor comprising a ligand of methoxy and 

methyl groups is disclosed in co-pending application Serial 
No. 08/779640. ?led Jan. 7. 1997. entitled “Precursor with 
(Methoxy)(methyl)silylole?n Ligands to Deposit Cu and 
Method for Same". invented by Senzaki et al.. Attorney 
Docket No. SMT 252. and assigned to the same assignee as 
the instant patent The disclosed precursor permits either one 
or two methoxy groups to be bonded to the silicon atom of 
the ligand. That is. the precursor can be “?ne tuned" using 
ligands having more methoxy groups than unvs. but less 
than tmovs are provided. The oxygen atoms in the methoxy 
groups contribute electrons to the Cu atoms. to strengthen 
the Cu-ole?n bond. and so. prevent the premature decom 
position of the precursor in storage. or as the precursor is 
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4 
heated for the application of Cu to an IC surface. However. 
only hydrocarbon groups of one carbon atom. CH3 (methyl) 
and OCH3 (methoxy). are disclosed. 

It would be advantageous if a method were found of 
making a Cu(hfac) precursor stable over a wider range of 
temperatures. and to provide the precursor with a longer 
shelf life. 

It would be advantageous if the ligand attached to the 
Cu(hfac) precursor would cleave at a consistent temperature. 
Additionally. it would be advantageous if the allrene ligand 
and the hfac would cleave at approximately the same 
temperature to yield consistent precursor decomposition. 

It would be advantageous if the deposition temperature. or 
temperature at which the (hfac)Cu(ligand) compound 
decomposes. could be decreased to simplify commercial 
processes. At the same time. it would be advantageous if a 
high precursor vapor pressure could be maintained at these 
relatively low decomposition temperatures to deposit a 
thicker layer of copper on selected IC surfaces. Further. it 
would be advantageous if the vapor pressure of the precursor 
in the gas phase could be modi?ed with different combina 
tions of alkyloxy and alkyl groups. 

It would also be advantageous if water. H-hfac. H-hfac 
dihydrate (H-hfac-ZHZO). and silylole?n ligand additives 
were no longer necessary to blend with a Cu precursor to 
improve the thermal stability of the Cu precursor. and to 
improve the conductivity and deposition rate of the depos 
ited copper. 

It would be advantageous if a (hfac)Cu(ligand) could be 
designed to more readily retain a liquid form at room 
temperature so as to simply precursor delivery in IC pro 
cesses. Further. it would be advantageous if the viscosity of 
the liquid phase precursor could be modi?ed with diiferent 
combinations of alkyloxy and allryl groups. 

Accordingly. a volatile Cu precursor compound for the 
chemical vapor deposition (CVD) of Cu to selected surfaces 
is provided. The precursor compound comprises Cu+1 
(hexa?uoroaoetylacetonate). or Cu+‘(hfac). and a silylole?n 
ligand including at least one ethoxy group bonded to the 
silicon atom. with any remaining bonds to the silicon atom 
being made to ethyl groups. That is. one of the three single 
bonds to the silicon atom of the ligand is made to an ethoxy 
group. The electron donation capability of the oxygen in the 
ethoxysilylole?n ligand provide a secure bond between the 
Cu and the ethoxysilylole?n ligand as the compound is 
heated to vaporization temperature. Prior art precursors have 
typically used methyl and methoxy groups bonded to sili 
con. 

In one preferred embodiment. three ethoxy groups are 
bonded to the silicon atom. yielding triethoxyvinylsilane 
(teovs). whereby the three oxygen atoms of the triethoxy 
group donate electrons to Cu to increase the temperature 
stability of the precursor. In another preferred embodiment. 
two ethoxy groups and one ethyl group are bonded to the 
silicon atom. yielding diethoxyethylvinylsilane (deoevs). 
whereby the two oxygen atoms of the diethoxyethyl group 
donate electrons to Cu to increase the temperature stability 
of the precursor. In another preferred embodiment. one 
ethoxy group and two ethyl groups are bonded to the silicon 
atom. yielding ethoxydiethylvinylsilane (eodevs). whereby 
the molecular weight of the oxygen atom of the ethoxyethyl 
group minimally suppresses the precursor volatility. 
Therefore. a ligand providing oxygen atom electrons from 
either one. two. or three. ethoxy groups is disclosed. 
A volatile Cu precursor compound is also provided com 

prising Cu“(hfac). and a silylole?n ligand including at least 
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one alkyloxy group. having at least two carbon atoms. 
bonded to the silicon atom. That is. the ligand contains an 
alkyloxy group from the group consisting of ethoxy. 
propoxy. butoxy. pentyloxy. hexyloxy. heptyloxy. and octy 
loxy. The electron donation capability of the oxygen in said 
alkyloxysilylole?n ligand provides a secure bond between 
the Cu and the alkyloxysilylole?n ligand as the compound is 
heated to vaporization temperature. A preferred embodiment 
further includes alkyl groups bonded the silicon atom of the 
ligand. in addition to alkyloxy groups. 
A preferred embodiment further includes an addition to 

the compound to create a precursor blend. The precursor 
blend further comprises a water vapor having a vacuum 
partial pressure. The water vapor is blended with the pre 
cursor so that the partial pressure of the water vapor is 
generally in the range of 0.5 to 5% of the precursor partial 
pressure. whereby the addition of water vapor to the pre 
cursor increases the rate of Cu deposition. 

A method for applying chemical vapor deposition (CVD) 
Cu on a selected surface is also provided. comprising the 
steps of: a) exposing each selected Cu-receiving surface to 
a volatile Cu precursor compound including Cu+‘(hfac) and 
a silylole?n ligand. the ligand includes at least one ethoxy 
group bonded to the silicon atom. with any remaining bonds 
to the silicon atom being made to ethyl groups. during this 
step the precursor has a predetermined vacuum pressure; and 
b) while continuing to carry out step a). depositing Cu on 
each Cu-receiving surface. The bond between the ethoxysi 
lylole?n ligand and Cu prevents the decomposition of the 
precursor at low temperatures. A method for applying CVD 
Cu using a silylole?n ligand including at least one alkyloxy 
group. having at least two carbon atoms. bonded to the 
silicon is also provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of the tmvs ligand 
(prior art). 

FIG. 2 is a schematic representation of the tmovs ligand 
(prior art). 

FIG. 3a is a schematic representation of the Cu precursor 
with (methoxy)(methyl) ligand of oo-pending patent appli— 
cation Ser. No. 08/779.640. Attorney Docket No. SMT 252. 

FIG. 3b is a schematic representation of an embodiment 
of the (methoxy)(methyl)silylole?n ligand of FIG. 3a, where 
the ligand is a dimethoxymethylvinylsilane (dmomvs) 
ligand. 

FIG. 3c is a schematic representation of another embodi 
ment of the (methoxy)(methyl)silylole?n ligand of FIG. 3a, 
where the ligand is a methoxydimethylvinylsilane 
(modmvs) ligand. 

FIG. 4a is a schematic representation of the volatile Cu 
precursor compound of the present invention. using an 
(ethoxy)(ethyl)silylole?n ligand. for the chemical vapor 
deposition (CVD) of Cu to selected surfaces. 

FIG. 4b is a schematic representation of a preferred 
embodiment of the precursor of FIG. 4a, where the (ethoxy) 
(ethyl)silylole?n ligand is a triethoxyvinylsilane (teovs) 
ligand. 

FIG. 40 is a schematic representation of another preferred 
embodiment of the precursor of FIG. 4a, where the (ethoxy) 
(ethyl)silylole?n ligand is a diethoxyethylvinylsilane 
(deoevs) ligand 

FIG. 4d is a schematic representation of another preferred 
embodiment of the precursor of FIG. 4a, where the (ethoxy) 
(ethyl)silylole?n ligand is a ethoxydiethylvinylsilane 
(eodevs) ligand. 
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6 
FIG. 5 is a schematic representation of the volatile Cu 

precursor compound of the present invention. using an 
(alkyloxy)(alkyl)silylole?n ligand. for the chemical vapor 
deposition (CVD) of Cu to selected surfaces. 

FIG. 6 is a block diagram of apparatus suitable to deposit 
Cu. with the precursor of the present invention. to selected 
surfaces (prior art). 

FIG. 7 illustrates steps in the method of applying CVD 
Cu. using the (ethoxy)(ethyl)silylole?n ligand. on a selected 
surface. 

FIG. 8 illustrates steps in the method of applying CVD 
Cu. using a precursor including an (alkyloxy)(alkyl) 
silylole?n ligand. on a selected surface. 

DEI‘AHED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 is a schematic representation of the tmvs ligand 10 
(prior art). The double lines between the two carbon atoms 
represent double bonds. while the single lines between the 
remaining atoms represent. weaker. single bonds. Cu 
becomes attached to tmvs ligand 10 through the carbon 
atoms. Cu and hfac form a relatively secure bond. and the 
resulting Cu"‘(hfac)'l complex has no net electrical charge. 
As is well known in the art. atoms or complexes having 
opposite charges combine to form very stable complexes. 
The bonding between the Cu*‘(hfac)'1 complex. hereafter 
called Cu(hfac) or (hfac)Cu. and ligand 10 is relatively weak 
due to lack of opposing net charges. For this reason. tmvs 
ligand 10 is ?rst to cleave from the Cu precursor as it is 
vaporized and applied to a target surface. While not intend 
ing to be bound by theory. it is believed that if the ligand 
were able to provide more electrons. the bond between the 
ligand and the Cu(hfac) could be improved. resulting in a Cu 
precursor with improved temperature stability. 

FIG. 2 is a schematic representation of the tmovs ligand 
20 (prior art). The difference between tmovs ligand 20 and 
tmvs ligand 10 of FIG. 1 is in the addition of three oxygen 
atoms to the three methyl groups to form three methoxy 
groups bound to the silicon atom. It is believed that the 
oxygen atoms of tmovs ligand 20 readily donate electrons to 
the Cu(hfac) complex. and so. allow tmovs ligand 20 to 
more tightly bind itself to Cu(hfac). There exist a variety of 
models to explain the bonding between the double bond 
carbon atoms and the Cu atom; the quantitative bonding 
process is not entirely understood. The higher molecular 
weight of the three additional oxygen atoms will typically 
result in higher vaporization temperatures. An increase in 
the vaporization temperature of the precursor. without a 
corresponding increase in temperature stability. results in a 
precursor with inconsistent Cu decomposition characteris 
tics which. in turn. cause Cu deposition problems. The 
present invention was invented in response to the need for a 
precursor that could be modi?ed to adjust the number of 
oxygen atoms. and the type of hydrocarbon groups. com 
prising the ligand. 

FIG. 3a is a schematic representation of the (methoxy) 
(methyl) ligand 30 of co-pending patent application Ser. No. 
08/779640 entitled “Precursor with (Methoxy)(methyl) 
silylole?n Ligands to Deposit Cu and Method for Same”. 
invented by Senzaki et al.. Attorney Docket No. SMT 252. 
This invention is invented to bridge the gap between ligand 
10 (FIG. 1) with three methyl groups (CH3). and ligand 20 
(FIG. 2) with three methoxy groups (OCHB). Ligand 30 
includes at least one methoxy group bonded to the silicon 
atom. The electron donation capability of the oxygen in the 
(methoxy)(methyl)silylolc?n ligand provides a secure bond 



5.767.301 
7 

between the Cu and the (methoxy)(methyl)silylole?n ligand 
as the compound is heated to vaporization temperature. 

FIG. 3b is a schematic representation of an embodiment 
of (methoxy)(methyl)silylole?n ligand 30 of FIG. 3a, where 
the ligand is a dimethoxymethylvinylsilane (dmomvs) 
ligand 40. Ligand 40 includes two methoxy groups 42 and 
44 (OCHB). and one methyl group 46 (CH3). The two 
oxygen atoms of the dimethoxymethyl group donate elec 
trons to Cu to increase the temperature stability of the 
precursor. 

FIG. 30 is a schematic representation of another embodi 
ment of (methoxy)(methyl)silylole?n ligand 30 of FIG. 3a, 
where the ligand is a methoxydimethylvinylsilane 
(modmvs) ligand 50. Ligand 50 includes one methoxy group 
52 and two methyl groups 54 and 56. The single oxygen 
atom of the methoxydimethyl group minimally suppresses 
the precursor volatility. since ligand 50 has a relatively small 
molecular weight compared to the ligands 30 (FIG. 3a) and 
40 (FIG. 3b). 

FIG. 4a is a schematic representation of the volatile Cu 
precursor compound 60 of the present invention. using an 
(ethoxy)(ethyl)silylole?n ligand. for the chemical vapor 
deposition (CVD) of Cu to selected surfaces. Precursor 
compound 60 comprises Cu+1(hfac). and a silylole?n ligand 
including at least one ethoxy group (OC2H5) bonded to the 
silicon atom. The remaining bonds to the silicon atom are 
made to ethyl groups (CzHs). That is. the three hydrocarbon 
groups bonded to the silicon are one of the following 
combinations: 3 ethoxy groups. 2 ethoxy groups and 1 ethyl 
group. or 1 ethoxy group and 2 ethyl groups. The electron 
donation capability of the oxygen in the ethoxysilylole?n 
ligand provides a secure bond between the Cu and the 
ethoxysilylole?n as compound 60 is heated to vaporization 
temperature. The electron donation capability of the long 
carbon chain ethyl groups also helps provide a secure bond 
between the ligand and the Cu. 

FIG. 4b is a schematic representation of a preferred 
embodiment of precursor 60 of FIG. 4a, where the (ethoxy) 
(ethyl)silylole?n ligand is a triethoxyvinylsilane (teovs) 
ligand 70. Three ethoxy groups (OCQHS) 72-76 are bonded 
to the silicon atom. yielding teovs. The three oxygen atoms 
of the triethoxy group donate electrons to Cu to increase the 
temperature stability of compound 60. 

FIG. 40 is a schematic representation of another preferred 
embodiment of precursor 60 of FIG. 4a, where the (ethoxy) 
(ethyl)silylole?n ligand is a diethoxyethylvinylsilane 
(deoevs) ligand 80. Two ethoxy groups 82-84 and one ethyl 
group 86 are bonded to the silicon atom. yielding deoevs. 
The two oxygen atoms of the diethoxyethyl group donate 
electrons to Cu to increase the temperature stability of 
precursor 60. Ligand 80 has fewer oxygen atoms than ligand 
70. and therefore. fewer electrons to donate. However. the 
molecular weight of ligand 80. for the same reason. is less 
than ligand 70. The ability to adjust the molecular weight of 
compound 60 is useful is adjusting the vaporization tem 
peratures and vacuum pressures of precursor 60 to fit 
speci?c process requirements. 
FIG. M is a schematic representation of another preferred 

embodiment of precursor 60 of FIG. 4a, where the (ethoxy) 
(ethyl)silylole?n ligand is a ethoxydiethylvinylsilane 
(eodevs) ligand 90. One ethoxy group 92 and two ethyl 
groups 94 and 96 are bonded to the silicon atom. yielding 
eodevs. The molecular weight of the oxygen atom of the 
ethoxydiethyl group minimally suppresses the precursor 
volatility. Of the three combinations of ethoxy and ethyl 
groups depicted in FIGS. 4b4d, ligand 90 has the smallest 
molecular weight. 
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8 
FIG. 5 is a schematic representation of the volatile Cu 

precursor compound 100 of the present invention. using an 
(alkyloxy)(alkyl)silylole?n ligand. for the chemical vapor 
deposition (CVD) of Cu to selected surfaces. Precursor 
compound 100 comprises Cu+1(hfac). and a silylole?n 
ligand including at least one alkyloxy group. having at least 
two carbon atoms. bonded to the silicon atom. Hydrocarbon 
groups are generally organized into groups that include 1 
through 8 carbon atoms. also represented herein as C1-C8. 
Alkyloxy groups are hydrocarbons that additionally include 
oxygen atoms. FIG. 5 represents alkyloxy groups having 
either 2. 3. 4. 5. 6. 7. or 8 carbon atoms (C2-C8). That is. 
the alkyloxy groups consist of ethoxy. propoxy. butoxy. 
pentyloxy. hexyloxy. heptyloxy. and octyloxy. In addition. 
the alkyloxy groups consist of aryloxy groups. including 
phenyloxy. Further. when two or three alkyloxy groups are 
bonded to the silicon atom. some embodiments include 
alkyloxy groups with different numbers of carbon atoms. For 
example. in one preferred embodiment. ligand 100 includes 
an ethoxy group and a propoxy group. The electron donation 
capability of the oxygen in the alkyloxysilylole?n ligand 
provides a secure bond between the Cu and the alkyloxysi 
lylole?n ligand as the compound is heated to vaporization 
temperature. In the preferred embodiment. the alkyloxy 
groups further include methoxy (C1) when at least one other 
alkyloxy group. having at least two carbon atoms. is bonded 
to the silicon atom. That is. when two alkyloxy groups are 
present. one of the alkyloxy groups. in some embodiments. 
is methoxy. When three alkyloxy groups are present. some 
embodiments include one methoxy group. and other 
embodiments include two methoxy groups. 

Ligand 100 further includes alkyl groups bonded to the 
silicon atom. That is. both alkyloxy and alkyl groups are 
bound to the silicon atom. with at least one group being an 
alkyloxy group. Alkyl groups generally have 1. 2. 3. 4. 5. 6. 
7. 0r 8 carbon atoms (C1-C8). That is. the alkyl groups 
consist of methyl. ethyl. propyl. butyl. pentyl. hexyl. heptyl. 
and octyl. The alkyl groups also consist of aryl groups 
including phenyl. Further. when two alkyl groups are 
bonded to the silicon atom. some embodiments include alkyl 
groups with different numbers of carbon atoms. For 
example. in one preferred embodiment. ligand 100 includes 
an ethyl group and a propyl group. In some embodiment 
alkyl groups and alkyloxy groups bonded to the same silicon 
atom also have dilferent numbers of carbon atoms. For 
example. an ethoxy group is included with a propyl group. 

Alternately stated. Cu precursor compound 100 of FIG. 5 
has the following structural formula: 

in which the X groups include at least one C2-C8 alkyloxy 
group. The electron donation capability of the oxygen in the 
alkyloxy groups provides a secure bond between the Cu and 
the H2C=C(H)SiX3 ligand. as compound 100 is heated to 
vaporization temperature. 

In a preferred embodiment. the X groups are three ethoxy 
groups 72-76. as depicted in FIG. 4b. In another 
embodiment. the X groups are two ethoxy groups 82-84 and 
one ethyl group 86. as depicted in FIG. 40. In one embodi 
ment the X groups are one ethoxy group 92 and two ethyl 
groups 94-96. as depicted in FIG. 4d. A complete listing of 
all the alkyloxy/alkyl group combinations possible under the 
above structural formula is quite long and well known to 
those skilled in the art. Therefore. these other specific 
embodiments under the formula will not be listed herein. 
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In the preferred embodiment. the X groups further include 
C1 (methoxy) alkyloxy groups when at least one X group is 
a C2-C8 alkyloxy group. In one of these embodiments the 
X groups are two ethoxy groups and one methyl group. In 
another embodiment. the X groups are one ethoxy group and 
two methyl groups. In one embodiment the X groups are two 
methoxy groups and one ethyl group. in another. the X 
groups are one methoxy group and two ethyl groups. Once 
again. the full list of possible combinations is long and 
obvious to those skilled in the art. 
As is well known in the art. alkyl and alkyloxy groups are 

generally arranged in either straight chains. branched chains. 
or cyclic chains. although combination chain arrangements 
also exist. In addition. the chains include both single bond 
and double bond arrangements between carbon atoms to 
form saturated and unsaturated groups of alkyls and alky 
loxys. FIG. 5 represents all these possible (alkyloxy)(al.kyl) 
variations. Likewise. the X groups are saturated and unsat 
urated straight carbon chains. and saturated and unsaturated 
branched carbon chains. X groups also include C3-C8 
cyclic alkyl and aryl groups. as well as C3-C8 cyclic 
alkyloxy and aryloxy groups. These cyclic X groups chains 
are saturated and unsaturated. 

In the preferred embodiment. compound 100 of FIG. 5 
includes an additive to create a precursor blend. While not 
intending to be bound by theory. it is believed that organic 
components. such as silylole?ns. H-hfac. and H-hfac dihy 
drate decrease precursor viscosity. making control over the 
?ow of a precursor more precise. The precursor blend 
further comprises water vapor having a vacuum partial 
pressure as it is blended with precursor compound 100. The 
water vapor is blended with precursor 100 so that the partial 
pressure of said water vapor is generally in the range of 0.5 
to 5% of precursor 100 partial pressure. Precursor 100 
partial pressure is the percentage of the entire system 
pressure that is a result of the pressure of compound 100 
after it is volatilized and mixed with a carrier gas. The 
addition of said water vapor to precursor 100 increases the 
rate of Cu deposition. 
As disclosed in co-pending application Serial No. 08/745. 

562. ?led Nov. 8. 1996. entitled uCu(hfac)TMVS Precursor 
With Water Additive To Increase The Conductivity Of Cu 
And Method For Same”. invented by Nguyen et al.. Attorney 
Docket No. SMT 244. the addition of water to a Cu(hfac) 
precursor. in the proper amounts. increases the deposition 
rate and the electrical conductivity of the deposited Cu. 
Using the methods disclosed in the above patent application. 
the deposition rates of Cu are improved with minimal 
degradation of the Cu conductivity. Re?nements in the 
process will likely yield a precursor blend with further 
improvements in the deposition rate and electrical conduc 
tivity. 

FIG. 6 is a block diagram of apparatus suitable to deposit 
Cu. with the precursor of the present invention. to selected 
surfaces (prior art). An environmental chamber 110 is 
capable of maintaining a pressurized environment. Inside 
chamber 110 is a wafer chuck 112. and upon wafer chuck 
112 is an IC. or wafer. having a selected. or Cu-receiving. 
surface 114. Cu precursor. in its liquid form. is introduced 
into line 116. and then into vaporizer 118. where the pre 
cursor is heated until it is volatile. Helium. or some other 
inert carrier gas. is introduced into line 120. and then into 
vaporizer 118. where it is mixed with the volatile precursor. 
The volatile precursor and carrier gas are carried through a 
line 122 to chamber 110. Inside chamber 110 the precursor/ 
carrier gas mixture is dispersed through a showerhead 124. 
or some other equivalent gas dispersal means. Exhaust gases 
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exit chamber 119 through a line 126. Line 126 is connected 
to a pump (not shown) to maintain a predetermined vacuum 
pressure in chamber 110. 

Line 128 is used to introduce additives to the volatile 
precursor. typically the additives are in a volatile or gaseous 
form. The water vapor additive. mentioned above in dis 
cussing FIG. 5. is typically introduced through line 128. 
Alternately. additives are pre-packaged in the liquid 
precursor. or mixed with the liquid precursor compound in 
line 116. 
The Cu precursor in line 116 is vaporized. in vaporizer 

118. at a temperature generally in the range between 40° C. 
and 80° C. The Cu precursor in line 12 applied. through 
showerhead 124. to each selected surface 114 has a tem 
perature generally in the range between 40° C. and 80° C. 
The Cu precursor is delivered in line 122 to each selected 
surface 114 with an inert gas. The inert gas. introduced in 
line 120. has a vacuum partial pressure generally in the 
range of 50% to 1000% of the precursor partial pressure. 

Other materials are added to the Cu precursor compound 
in either its liquid form in line 116. or in a vapor form on line 
128. to enhance particular characteristics of the precursor. In 
one embodiment. the compound includes an additive to 
create a precursor blend. with the precursor blend further 
comprising less than approximately 5% hexa?uoroacetylac 
etone (H-hfac). as measured by weight ratio of the precursor 
compound. The H-hfac additive facilitates a Cu dispropor 
tionation reaction which enhances the Cu deposition rate. 
The disproportionation reaction causes the (hfac)“Cu+1 to 
recon?gure the Cu atoms into either Cu+0 or Cu+2 atoms. 
The uncharged Cu atoms become deposited on the selected 
surface. as an (hfac)2Cu+2 complex and the ligand exit the 
process as exhaust gases in line 126. 
One of the primary advantages of the present invention is 

how well it works as a pure compound. without any water. 
H-hfac-2H20. H-hfac. or silylole?n ligand additives. Such 
additives. when added to Cu precursor compounds. signi? 
cantly increase the cost and di?iculty of making the precur 
sor. However. there is a need to maximize the stability. 
efticiencies. and deposition rates for Cu precursors in the 
production environment. Therefore. at least some amount of 
additives are likely to be blended with the precursor of the 
present invention. In one preferred embodiment. the precur 
sor compound includes an additive to create a precursor 
blend. in which the precursor blend further comprises less 
than approximately 10% silylole?ns. as measured by weight 
ratio of the precursor compound. The silylole?ns are added 
to prevent the Cu from prematurely decomposing as the 
precursor is heated. The additional silylole?ns help stabilize 
the precursor. if the ligand prematurely cleaves. by forming 
bonds with (hfac)Cu. The silylole?ns are selected from the 
group consisting of trirnethylvinylsilane (tmvs). 
dimethoxymethylvinylsilane (dmomvs). methoxydimeth 
ylvinylsilane (modmvs). trimethoxyvinylsilane (tmovs). Iri 
ethoxyvinylsilane (teovs). ethoxymethoxymethylvinylsilane 
(eomomvs). diethoxymethylvinylsilane (deomvs). 
diethoxymethoxyvinylsilane (deomovs). ethoxydimethox 
yvinylsilane (eodmovs). ethoxydiethylvinylsilane (eodevs). 
diethoxyethylvinylsilane (deoevs). dimethoxyethylvinylsi 
lane (dmoevs). ethoxydimethylvinylsilane (eodmvs). meth 
oxydiethylvinylsilane (modevs). and ethylmethoxymeth 
ylvinylsilane (emomvs). Methyl and ethyl (alkyloxy)(alkyl) 
combinations are listed above. A complete listing of all 
C1-C8 combinations would be burdensome to the reader 
and is obvious to those skilled in the art. The (alkyloxy) 
(alkyl) combination include saturated and unsaturated 
straight. branched. and cyclic carbon chain arrangements. 
Combination carbon chain arrangements are also included. 
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Alternately. compound 100 of FIG. 5 includes an additive 
to create a Cu precursor blend. the blend further comprising 
silylole?ns having the following structural formula: 

in which each X group is selected from C1-C8 alkyloxy 
groups and C1-C8 alkyl groups. That is. the X groups may 
be all alkyloxy groups. all alkyl groups. or combinations of 
both. The possible alkyl groups include methyl (C1). ethyl 
(C2). propyl (C3). butyl (C4). pentyl (C5). hexyl (C6). 
heptyl (C7). octyl (C8) groups. aryl groups. or combinations 
of these alkyl groups. Likewise. the possible alkyloxy 
groups include methoxy (Cl). ethoxy (C2). propoxy (C3). 
butoxy (C4). pentyloxy (C5). hexyloxy (C6). heptyloxy 
(C7). octyloxy (C8) groups. aryloxy groups or combinations 
of these alkyloxy groups. As mentioned above. combination 
carbon chain arrangements are also included. 

In one embodiment. the precursor compound includes an 
additive to create a precursor blend. the blend further 
comprises less than approximately 5% H-hfac-ZHZO. as 
measured by weight ratio of the precursor compound. to 
increase the deposition rate of Cu. As noted above. the 
addition of water to the precursor generally increases the 
deposition rate of Cu on a selected surface. 

In one embodiment. the precursor compound includes an 
additive to create a precursor blend. the blend further 
comprises less than approximately 0.4% H-hfac.2H2O. as 
measured by weight ratio of the precursor compound. and 
less than approximately 5% silylole?ns. as measured by 
weight ratio of the precursor compound. to increase the 
deposition rate of Cu. The additional silylole?ns help sta 
bilize the precursor as it is heated. 

FIG. 7 illustrates steps in the method for applying CVD 
Cu. using the (ethoxy)(ethyl)silylole?n ligand. on a selected 
surface. Step 130 provides a selected surface for the appli 
cation of CVD Cu. Step 132 exposes each selected 
Cu-receiving surface to a volatile Cu precursor compound 
including Cu+‘(hfac) and a silylole?n ligand including at 
least one ethoxy group bonded to the silicon atom. with any 
remaining bonds to the silicon atom being made to ethyl 
groups. The precursor is applied at a predetermined vacuum 
pressure. Step 134. while continuing to carry out Step 132. 
deposits Cu on each Cu-receiving surface. Step 136 is a 
product. Cu deposited on a selected surface with a precursor 
having a bond between the ethoxysilylolefm ligand and Cu 
which prevents the decomposition of the precursor at low 
temperatures. While it is desirable to deposit Cu at relatively 
low temperatures (below 200° C.). it is not desirable that the 
precursor begins the decomposition process at room storage 
temperatures or process delivery temperatures. 

FIG. 8 illustrates steps in the method for applying CVD 
Cu. using the (alkyloxy)(alkyl)silylole?n ligand. on a 
selected surface. Step 140 provides a selected surface for the 
application of CVD Cu. Step 142 exposes each selected 
Cu-receiving surface to a volatile Cu precursor compound 
including Cu+1(hfac) and a silylole?n ligand including at 
least one alkyloxy group. having at least two carbon atoms. 
bonded to the silicon. The precursor is applied at a prede 
termined vacuum pressure. Step 144. while continuing to 
carry out Step 142. deposits Cu on each Cu-receiving 
surface. Step 146 is a product. Cu deposited on a selected 
surface with a precursor having a bond between the alky 
loxysilylolefm ligand and Cu which prevents the decompo 
sition of the precursor at low temperatures. 
The preferred embodiment includes the further step of. 

simultaneously with Step 142. exposing each selected 
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Cu-receiving surface to water vapor at a vacuum partial 
pressure generally in the range between 0.5 and 5% of the 
precursor partial pressure. The addition of water vapor to the 
precursor increases the rate of Cu deposition. 
The Cu-receiving. or selected surface. of the above 

method is equivalent to selected surface 114 in FIG. 6. Each 
Cu-receiving surface in Step 144 has a temperature gener 
ally in the range between 160° and 250° C.. and the Cu 
precursor vapor applied to each selected surface 114 has a 
temperature generally in the range between 40° and 80° C. 
It is the relatively high temperature of the target surface that 
preferably causes the Cu precursor to decompose. and so 
deposit uncharged Cu atoms on the surface. Cu is deposited 
on each Cu-receiving surface in Step 144 for a time gener 
ally in the range between 100 and 1000 seconds. That is. the 
controlled deposition process occurs within 100 to 1000 
seconds. 
The Cu precursor of the present invention is prepared in 

accordance with methods suggested by prior art synthesis 
methods. For example. a suitable synthesis method is based 
on an approach taken by Doyle et al.. in “Alkene and Carbon 
Monoxide Derivatives of Copper (I) and Silver (1) 
B-Diketonates”. Organometallics. 1985. 4. pp. 830-835. The 
Cu precursor is obtained through the following reaction: 

where L is the silylole?n ligand. 
An (hfac)Cu(teovs) precursor was made in accordance 

with the above method. Teovs (0.68 mol) was added to a 
suspension of Cu2O (0.34 mol) in 500 mL of tetrahydrofu 
ran. H-hfac (0.68 mol) was added dropwise to this mixture 
at room temperature. The solution was stirred as the drops 
were added. The reaction mixture was stirred for two days. 
The unreacted Cu._,O was removed by ?ltration. and the 
solvent was removed under vacuum The vacuum distilla 
tion of the product occurring at approximately 0.2 to 0.3 Torr 
at a bath temperature of 70°-75° C. 0.22 mol (32% yield) of 
precursor resulted. 

Another suitable synthesis method is suggested by Nor 
man et al.. in US. Pat. No. 5.085.731. However. the yield of 
precursor made per the this method was lower than the 
method of Doyle et al. 

Table 1 is a chart listing the deposition thickness and 
resistivity of Cu deposited using the precursor of the present 
invention and the apparatus depicted in FIG. 6. The teovs 
ligand embodiment of the invention was chosen for the 
experiment. The precursor was used to deposit Cu on a 6" 
diameter substrate covered with a 2000 A thick layer of 
silicon dioxide deposited from tetraethoxysilane (TEOS 
oxide). which is in turn covered with a 500 A thick layer of 
TiN. For the two depositions using (hfac)Cu(teovs) listed in 
Table l. Cu-receiving surface 114 had a temperature of 
approximately 195° C. The deposition time for both depo 
sitions was approximately 600 seconds. The precursor ?ow 
rate in line 116 was approximately 0.5 cc/min. The vapor 
ization temperature. in vaporizer 118. was approximately 
70° C. Finally. the He carrier gas flow rate in line 120 was 
approximately 100 ctr/min. 

TABLE 1 

Chamber Water Additive 
Pressure (Torr) (rnT) Thickness Resistivity 

0.2 0 =46o0A 2.0u-ohm-cm 
1.0 0 =ssooA LQSii-Ohmcm 

Table 2 is a chart listing comparing the deposited 
thicknesses. deposition times. and resistivities of a prior art 
Cu precursors. The precursors are as follows: 
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l) the original “Cupra Select” formula. a trademark of 
Schumacher. Carlsbad. Calif. 92009. or (hfac)Cu(tmvs); 

2) (hfac)Cu(tmvs) with tmvs and H-hfac-2H2O additives; 
3) (hfac)Cu(tmvs) with water vapor per the method sug 

gested in co-pending application Ser. No. 08/745 .562. ?led 
Nov. 8. 1996. entitled “Cu(hfac)TMVS Precursor With 
Water Additive To Increase The Conductivity Of Cu And 
Method For Same". invented by Nguyen et al.. Attorney 
Docket No. SMT 24-4; and 
The various precursors of Table 2 were applied by the 

processes and apparatus generally depicted by FIG. 6. The 
total environmental pressure of chamber 110 was approxi 
mately 2.0 T (Torr). The precursor ?ow in line 116 was 
approximately 0.8 cc/min. and the ?ow rate of the He gas in 
line 120 was approximately 100 cc/min. The temperature of 
vaporizer 118 was approximately 70° C. when additives 
where used. and 50° C. for (hfac)Cu(tmvs) with no additives 
and (hfac)Cu(tmvs) with water. The vaporization tempera 
ture was reduced to approximately 50° C.. as the precursor 
tends to decompose at higher temperatures. Selected surface 
114 was a 6" diameter Si substrate covered with 2000 A of 
TEOS oxide. which in turn. was covered with 500 A of TiN . 
The temperature of the selected surface was approximately 
195° C. The length of the deposition was optimized for the 
precursor used. generally between 150 and 700 seconds. 

TABLE 2 

Deposition 
'lhickness Time Resistivity 

(hfac)Cu(tmvs) =900A 700 sec. >100p-ohm-cm 
(hfac)Cu(tmvs) + Additive =3o00lt 150 sec. =2p-ohm-cm 
(hfac)Cu(tmvs) + Water =3000A 250 sec. =L8u-0hm-cm 

In comparing Table l to Table 2. the results show the 
precursor of the present invention is able to provide thick 
depositions of Cu and excellent resistivities. Even better 
results are likely to be obtained after re?nements in the 
process. 
The precursor of the present invention discloses various 

combinations of alkyloxy groups and alkyl groups in the 
ligand which offer a Wide range of improvements over prior 
art Cu precursors. The use of alkyloxy groups in the ligand 
increases the stability and shelf life of the precursor. since 
the electrons of the oxygen atoms are contributed to the Cu 
atom as the compound begins to decompose. Having the 
option of adjusting the ratio of alkyloxy groups to alkyl 
groups permits the user to select a precursor with the 
molecular weight optimal for a specific CVD process. 
The use of carbon chains longer than the prior art use of 

methyl and methoxy. increases the electron donation capa 
bility of the ligand. as both the long chain (C2-C8) alkyloxy 
groups and the oxygen atoms contribute electrons to the Cu 
atom. Simmonds et al.. in “A stable. liquid precursor for 
aluminum". Chemtronics. Vol. 5. 1991. pp. 155-158. sug 
gest that the substitution of long chain carbons groups. such 
as ethyl. for methyl groups results a precursor compound 
with a lower melting point. While not intending to be bound 
by theory. it is believed that the asymmetry of the longer 
chains causes a lower melting point. and that the precursor 
of the present invention has a low melting point. more easily 
retaining liquid form at room temperature. as a result of the 
relatively long alkyl and alkyloxy hydrocarbon chains. A 
liquid CVD precursor is generally more capable of precise 
delivery and reproducibility in most CV D systems. 
One of the main advantages of the precursor of the present 

invention is that good deposition rates. thermal stability. and 
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Cu conductivity are obtainable without the necessity of 
blending the precursor with water and organic additives. 
However. alternate embodiments of the precursor permit it 
to be blended with water. silylole?ns. H-hfac. l-l-hfac 
dihydrate. and combinations of additives to provide further 
enhancements. These additives are blended with the precur 
sor in either its liquid or volatile state. Speci?c combinations 
of ethoxy and ethyl group in the ligand have been empha 
sized in the above speci?cation. Other embodiments of the 
invention will occur to those skilled in the art. 
What is claimed is: 
l. A volatile copper (Cu) precursor compound for the 

chemical vapor deposition (CVD) of copper (Cu) to selected 
surfaces. the precursor compound comprising: 

Cu“(hexa?uoroacetylacetonate); and 
a silylole?n ligand including at least one ethoxy group 
bonded to the silicon atom. with any remaining bonds 
to said silicon atom being made to ethyl groups. 
whereby the electron donation capability of the oxygen 
in said ethoxysilylole?n ligand provides a secure bond 
between the Cu and said ethoxysilylole?n ligand as the 
compound is heated to vaporization temperature. 

2. A Cu precursor as in claim 1 in which three ethoxy 
groups are bonded to said silicon atom. yielding triethox 
yvinylsilane (teovs). whereby the three oxygen atoms of the 
triethoxy group donate electrons to Cu to increase the 
temperature stability of the precursor. 

3. A Cu precursor as in claim 1 in which two ethoxy 
groups and one ethyl group are bonded to said silicon atom. 
yielding diethoxyethylvinylsilane (deoevs). whereby the 
two oxygen atoms of the diethoxyethyl group donate elec 
trons to Cu to increase the temperature stability of the 
precursor. 

4. A Cu precursor as in claim 1 in which one ethoxy group 
and two ethyl groups are bonded to said silicon atom. 
yielding ethoxydiethylvinylsilane (eodevs). whereby the 
molecular weight of the oxygen atom of the ethoxydiethyl 
group minimally suppresses the precursor volatility. 

5. A volatile copper (Cu) precursor compound for the 
chemical vapor deposition (CVD) of copper (Cu) to selected 
surfaces. the precursor compound comprising: 

Cu“(hexa?uoroacetylacetonate); and 
a silylole?n ligand including at least one alkyloxy group. 

having at least two carbon atoms. bonded to the silicon 
atom. whereby the electron donation capability of the 
oxygen in said alkyloxysilylole?n ligand provides a 
secure bond between the Cu and said alkyloxysilylole 
?n ligand as the compound is heated to vaporization 
temperature. 

6. A Cu precursor as in claim 5 wherein the compound 
includes an additive to create a precursor blend. the precin 
sor blend further comprising: 

water vapor having a vacuum partial pressure. said water 
vapor blended with the precursor so that the partial 
pressure of said water vapor is generally in the range of 
0.5 to 5% of the precursor partial pressure. whereby the 
addition of said water vapor to the precursor increases 
the rate of Cu deposition. 

7. A Cu precursor as in claim 5 further including alkyl 
groups bonded to said silicon atom. with said alkyl groups 
consisting of methyl. ethyl. propyl. butyl. pentyl. hexyl. 
heptyl. octyl. and aryl. 

8. A Cu precursor as in claim 5 in which said alkyloxy 
groups consist of ethoxy. propoxy. butoxy. pentyloxy. 
hexyloxy. heptyloxy. octyloxy. and aryloxy. 

9. A Cu precursor as in claim 5 in which said alkyloxy 
groups further include methoxy when at least one other 
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alkyloxy group. having at least two carbon atoms. is bonded 
to said silicon atom. 

10. A Cu precursor as in claim 5 in which the Cu precursor 
is vaporized at a temperature generally in the range between 
40° C. and 80° C. 

11. A Cu precursor as in claim 5 wherein the Cu precursor 
vapor applied to each selected surface has a temperature 
generally in the range between 40° C. and 80° C. 

12. A Cu precursor as in claim 5 wherein the precursor is 
delivered to each selected surface with an inert gas. and in 
which the inert gas has a vacuum partial pressure generally 
in the range of 50% to 1000% of the precursor partial 
pressure. 

13. A Cu precursor as in claim 5 wherein the compound 
includes an additive to create a precursor blend. and in 
which the precursor blend further comprises: 

less than approximately 5% hexa?uoroacetylacetone 
(Hhfac). as measured by weight ratio of the precursor 
compound. to facilitate a Cu disproportionation reac— 
tion which enhances the Cu deposition rate. 

14. A Cu precursor as in claim 5 wherein the compound 
includes an additive to create a precursor blend. and in 
which the precursor blend further comprises: 

less than approximately 10% silylole?ns. as measured by 
weight ratio of the precursor compound. to prevent said 
Cu from prematurely decomposing as the precursor is 
heated. 

15. A Cu precursor as in claim 14 in which said silylole 
?ns are selected from the group consisting of uimethylvi~ 
nylsilane (tmvs). dimethoxymethylvinylsilane (dmomvs). 
methoxydimethylvinylsilane (modmvs). trimethoxyvinylsi 
lane (tmovs). triethoxyvinylsilane (teovs). 
ethoxymethoxymethylvinylsilane (eomomvs). diethoxym 
ethylvinylsilane (deomvs). diethoxymethoxyvinylsilane 
(deomovs). ethoxydimethoxyvinylsilane (eodmovs). 
ethoxydiethylvinylsilane (eodevs). diethoxyethylvinylsilane 
(deoevs). dimethoxyethylvinylsilane (dmoevs). ethoxydim 
ethylvinylsilane (eodmvs). methoxydiethylvinylsilane 
(modevs). and ethylmethoxymethylvinylsilane (emomvs). 

16. A Cu precursor as in claim 5 wherein the compound 
includes an additive to create a precursor blend. and in 
which the blend further comprises: 

less than approximately 5% Hhfac'2H2O. as measured by 
weight ratio of the precursor compound. to increase the 
deposition rate of Cu. 

17. A Cu precursor as in claim 5 wherein the compound 
includes an additive to create a precursor blend. and in 
which the blend further comprises: 

less than approximately 0.4% Hhfac-ZHZO. as measured 
by weight ratio of the precursor compound. and 

less than approximately 5% silylole?ns. as measured by 
weight ratio of the precursor compound. to increase the 
deposition rate of Cu. 

18. A volatile copper (Cu) precursor compound for apply 
ing chemical vapor deposition (CVD) copper (Cu) to 
selected surfaces. the precursor compound having the fol 
lowing structural formula: 

in which the X groups include at least one C2-C8 
alkyloxy group consisting of ethoxy propoxy. butoxy. 
pentyloxy. hexyloxy. heptyloxy. and octyloxy. whereby 
the electron donation capability of the oxygen in said 
alkyloxy groups provides a secure bond between the Cu 
and the H2C=C(H)SiX3 ligand. as the compound is 
heated to vaporization temperature. 
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19. A Cu precursor as in claim 18 in which said X groups 

are three ethoxy groups. 
20. A volatile copper (Cu) precursor compound for apply 

ing chemical vapor deposition (CVD) copper (Cu) to 
selected surfaces. the precursor compound having the fol 
lowing structural formula: 

in which the X groups are two ethoxy groups and one 
ethyl group. 

21. A volatile copper (Cu) precursor compound for apply 
ing chemical vapor deposition (CVD) copper (Cu) to 
selected surfaces. the precursor compound having the fol 
lowing structural formula: 

in which the X groups are one ethoxy group and two ethyl 
groups. 

22. A volatile copper (Cu) precursor compound for apply 
ing chemical vapor deposition (CVD) copper (Cu) to 
selected surfaces. the precursor compound having the fol 
lowing structural formula: 

in which the X groups include at least one C2-C8 
alkyloxy group and in which said X groups further 
include Cl alkyloxy groups when at least one X group 
is a C2-C8 alkyloxy group. 

23. A Cu precursor as in claim 22 in which said X groups 
are two ethoxy groups and one methyl group. 

24. A Cu precursor as in claim 22 in which said X groups 
are one ethoxy group and two methyl groups. 

25. A Cu precursor as in claim 22 in which said X groups 
are two methoxy groups and one ethyl group. 

26. A Cu precursor as in claim 22 in which said X groups 
are one methoxy group and two ethyl groups. 

27. A Cu precursor as in claim 22 in which said X groups 
include C3-C8 cyclic alkyl groups and C3-C8 cyclic alky 
loxy groups. 

28. A Cu precursor as in claim 22 in which the compound 
includes an additive to create a Cu precursor blend. the blend 
further comprising silylole?ns having the following struc 
tural formula: 

in which each X group is selected from C1-C8 alkyloxy 
groups and Cl-C8 alkyl groups. 

29. A Cu precursor as in claim 22 wherein the precursor 
includes an additive to create a precursor blend. the precur 
sor blend further comprising: 

water vapor having a vacuum partial pressure. said water 
vapor blended with the precursor so that the partial 
pressure of said water vapor is generally in the range of 
0.5 to 5% of the precursor partial pressure. whereby the 
addition of said water vapor to the precursor increases 
the rate of Cu deposition and the electrical conductivity 
of the deposited Cu. 
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